Duchenne type muscular dystrophy (DMD) is the most serious and frequent type of progressive, genetic and primarily degenerative muscular dystrophy (MD) (1) . This disease begins during the first few years of life and its progression leads to death from inanition, respiratory infection and cardiac failure during the second decade. We previously reported that the body weights of DMD patients were lower than the standard values of age-matched healthy Japanese, and that abrupt re duction of the body weight led to aggravation of disease and death, suggesting that adequate nutritional management is necessary for prolongation of the patient's life (2).
Thus, we tried to obtain fundamental information on diet treatment of MD patients. For this, we examined the protein and energy allowances and the adequacy of dietary intakes in MD patients, based on data obtained in surveys of the nutritional intakes and of some physiological variables of large groups of patients.
EXPERIMENTAL
Subjects. Totals of 310 Duchenne and 28 limb-girdle types of MD patients (designated as DMD and LGMD respectively), admitted to the National Sanato rium Tokushima Hospital, were examined in this study. The male DMD patients were aged 11 to 29 and the male LGMD patients were aged 30 to 47. Their nu trient intakes, nitrogen balance (NB), basal metabolic rate (BMR), urinary 3 -methylhistidine (3MH) and creatinine levels and the free amino acid levels in their serum were examined. Studies were started in 1975 and are still continuing, and the results described here were collected over a period of 15 years. All patients were briefed as to the purposes and hazards of the study and informed consent was obtained from all subjects and/or their guardians. Dietary survey. All food, including snacks and drinks, consumed by the patients on 3 consecutive days in summer were weighed. From these data, their nutrient intakes were calculated using food tables.
Nitrogen balance test. Totals of 267 DMD and 22 LGMD patients were included in this survey. All urine and feces in the 3 consecutive days were collected for nitrogen analysis. Nitrogen intake was calculated by subtracting the Kjeldahl nitrogen in uneaten food from that in the food served daily. The apparent nitrogen balance was calculated from the difference between nitrogen intake and 
RESULTS
Body weight and protein and energy intakes Table 1 shows the mean body weights of the DMD patients in age groups of 11 to 29 years, together with those of the LGMD patients. The body weights of all age groups of the patients, particularly the DMD patients, were lower than those of the respective age-matched controls. Slight increases in body weight were found from 26.5kg at 11 years to 31.4kg at 15 years, but the body weights of patients of over 16 years old remained at about 30 to 31kg. The weights as percentages of those of age-matched controls decreased with ages from 72% at 11 years to 49% at 16 years and then remained at about 50%. To determine whether the body weight loss of the patients was caused by diminished intake or abnormal expenditure of energy or both, we carried out dietary and metabolic surveys on the patients. As shown in Table 2 , the average energy and protein intakes of DMD patients were 1,100 to 1,300kcal/day and 39 to 47g/day, respectively, and those of LGMD patients were 1,500kcal/day and 52g/ day respectively. The energy intakes as percentages of the corresponding allow ances for healthy controls were about 90 to 100% in younger age groups of DMD patients and in LGMD patients, but were nearly 110 to 115% in older DMD patients. Findings on their protein intake were similar. The fact that MD patients, particularly older DMD patients, were markedly underweight, despite their unex pectedly large energy intakes and restricted physical activity, suggests the hyper catabolic nature of MD.
The average percentage of protein-energy in ingested diets was 14.6% (range 13.6 to 15.2%), so a constant of 14.6 was used for prediction of energy intake, as described elsewhere (3). Basal metabolic rate of MD patients To confirm hypermetabolism in DMD patients we measured their BMR. Table 3 shows the average BMR in each age group, expressed in kcal/kg. The BMR decreased with age, as generally seen in healthy controls, but this decrease with age was less in DMD patients than in controls. Thus the BMRs of the patient as percentages of the standard values for the respective ages were higher in all but the 11 year age groups, indicating hypermetabolism in DMD. This hypermetabolism was more marked in older age groups, the BMRs being 20 to 30% more than those of controls. The BMR of LGMD patients was comparable to that of controls, or only slightly higher.
Nitrogen balance and maintenance requirement of nitrogen in MD patients
Data on the average nitrogen balance (NB) in each age group (total, 289 subjects) are shown in Table 4 . The average values for the apparent NB were positive in all age groups, being 2 to 28mg/kg for DMD and 14mg/kg for LGMD and the values in DMD patients were positively correlated with the nitrogen intake. However, as the NB is influenced by both energy and nitrogen intakes, the relationship of these two parameters to the NB was examined in 185 DMD patients by multiple regression analysis.
The linear multiple regression equation obtained was as follows: NB=-0.339 E+0. 367N-56.46 (n=185), where NB and N are nitrogen balance and intake (mg/kg/day) and E is the energy intake (kcal/kg/day). To compare the extents of contribution of the two variables to the NB, we calculated the standard partial regression coefficients for energy and nitrogen intakes. We found that the coeffi cients for energy and nitrogen intakes were -0.087 (insignificant) and 0.566 (significant at a level of 1%), respectively, indicating that the NB was mainly affected by the nitrogen intake. Next, to examine whether MD involves hypercatabolism of protein, the maintenance requirement of protein was estimated by plotting the nitrogen intake (X, mg/kg/day) against the NB (Y, mg/kg/day). Significant linear relationships were found between the NB and nitrogen intake expressed by the following equations: Y=0.370X-74.8 (n=267, r=+0.60,p<0.001) for DMD patients and Y=0.370X-49.6 (n=22, r=+0.66, p<0.001) for LGMD patients ( Figs. 1 and  2 ). We used all data obtained for DMD patients aged 11 to 29 years for the plot, because their yearly increases in body weight were small (Table 1) . Thus, a single value for maintenance requirement was estimated regardless of their ages. The minimum requirement for maintenance of nitrogen equilibrium, the X intercept of the regression curve, was estimated as 202mg/kg/day (1.26g protein/kg/day) for DMD patients and 134mg/kg/day (0.84g protein/kg/day) for LGMD patients, when patients consumed conventional dietary protein. The values are about 68 and 12% higher for DMD and LGMD patients, respectively, than that for normal Fig. 1 Free amino acid concentrations in serum Table 6 shows the fasting concentrations of free amino acids in the sera of DMD patients of 16 to 17 years and over 18 years together with data on LGMD patients. The sums of the levels of branched chain amino acids (BCAAs), essential amino acids (EAAs) and nonessential amino acids (NEAAs) were lower in the both types of patients than in the controls, and the decreases in their levels were more pronounced in older DMD patients. The levels of all the individual EAAs except lysine and threonine were significantly lower in the patients than in controls, sulfur-containing AAs, aromatic AAs, Ile and Leu being reduced most. The ratio of EAAs to NEAAs (E/N) was also decreased in the patients, particularly older ones. Changes in free AA concentrations in LGMD patients were similar to those in DMD patients, but were less marked. 1 Numbers of DMD patients differed from those presented in Table 2 . Data from the patients surveyed for dietary intake, BMR and NB were used. 2 Energy allowance was estimated by a factorial procedure, based on the following equation: A=B+Bx+A/10, where B x and A/10 represent the measured BMR, physical activity factor 0.3 for DMD and 0.35 for LGMD and SDA, respectively 3Protein allowance was based on the maintenance requirement 1 .26g/kg for DMD and 0.84g/kg for LGMD respectively.
corrected for stress 100 and meeting the needs of 97.5% of the population (30%).
4I/A represents the ratio of intake to o allowance. 5Mean•}SD.
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DISCUSSION
Secondary undernutrition, followed by various chronic diseases, is common and may affect the prognosis of patients (8). Undernutrition of DMD patients is clear from their marked underweight (Table 1) . Thus, nutritional improvements are necessary for palliative treatment of the patients.
To determine whether weight loss in MD was due to diminished intake and/or abnormal energy expenditure, in this work we measured the nutrient intake, BMR and maintenance protein requirement of a large series of MD patients. Unex pectedly we found that the protein and energy intakes of these patients, particularly older patients with advanced DMD, were comparable to the allowances of healthy controls, although the physical activity of the patients was appreciably less. This finding suggests that weight loss in the MD patients may be due to hypercatabolism.
Hypercatabolism in DMD was confirmed by measurements of the BMR, which showed that the basal energy expenditures of the patients were higher than those of age-matched controls and that the percentage increase in their BMR over that of controls increased with age. Sakuragawa et al. observed an increased 13CO2 output in expired air from DMD patients treated with [13C]octanoate (9). Mor eover, Vallyathan et al. observed increased glucose oxidation in vitro by muscle tissues from chickens with hereditary dystrophy labeled with [14C]glucose (10). These findings provide indirect support for the idea that DMD is a hypercatabolic disease. The reasons for this hypermetabolism are unknown, but may be related to functional defects of skeletal muscle mitochondria (11). The possibility that changes in body composition due to undernutrition, i.e. relative increase in met abolically active mass due to adipose tissue loss, were responsible for the increased . OKADA et al. BMR is excluded by the fact that increase in the BMR is larger than that expected from loss of adipose tissues (12). Hypercatabolism of protein was also indicated by its increased maintenance requirement and the increased excretion of urinary 3MH. The maintenance requirement with conventional dietary protein was estimated as 1.26g/kg in DMD patients from the rectilinear relationship between N intake and N balance (Fig. 1) . This requirement is about 68% higher than that of healthy adults (0.75g/kg), suggesting hypercatabolic protein metabolism in DMD. In addition, urinary 3MH excretion per unit muscle mass was significantly higher in DMD and LGMD patients than in healthy controls, indicating increased muscle protein catabolism (Table 7) . Our results are in accord with those of Ballard et al. (13) and Goldstein et al. (14) . The changes in these two variables clearly indicate protein hyperca tabolism in DMD. The reason for the increased maintenance requirement is unknown, but may be due in part to energy deficiency.
Although the protein and energy intakes of the patients seemed sufficient judging from data on their diets, we evaluated the dietary adequacy by comparing the intakes with the increased allowances due to increased requirements. As shown in Table 5 , average protein and energy intakes of young DMD patients of 11 to 17 years old were slightly lower than the estimated allowances for these respective ages, and those of DMD patients of over 18 years old were significantly lower than these estimated allowances. Accordingly, we conclude that the low body weights of DMD patients are a manifestation of nutrient deficiency. Undernourishment was also indicated by their low levels of serum free EAA, particularly BCAA, and low E/N ratio in the patients.
LGMD patients showed intermediate values between those of DMD patients and control subjects, for their body weight, BMR, protein maintenance require ment, 3MH excretion, serum free amino acid concentrations, degree of nutrient deficiency and life span, indicating that LGMD is less severe than DMD.
The present study revealed that DMD is a hypercatabolic disease and that patients with advanced DMD were deficient in protein and energy. Thus, for prolonging their life span it may be essential to improve their nutritional status and supply nutrients by some procedures such as IVH.
